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© Electrophoretic display device. 



(sy An electrophoretic display device is described where a 
set of anode electrodes (7, 7'} in an electrophoretic cell are 
disposed opposite row and column electrodes {5, 6) at a 
second side of the electrophoretic cell. The anode electrodes 
(7 f 7') encompass equal pluralities of at least the row 
electrodes (6), and such equal pluralities of electrodes (6) are 
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"Electrophoretic display device"- 



The present invention relates to an electro- 
phoretic display device comprising first and second 
oppositely disposed substrates with at least one of 
said substrates being transparent, an electrophore t ic 
fluid containing a plurality of charged pigment particles 
disposed between said first and second substrates, first 
electrode means comprising a plurality of first electrodes 
disposed at a facing surface of said first substrate, 
second electrode means comprising a plurality of 
second electrodes disposed on a dielectric structure 
adjacent to said first electrode means, and third 
electrode means disposed on a facing surface of said 
second substrate* 

Electrophoretic display devices are generally 
non-emissive field-effect display devices. They generally 
lack a suitable threshold in the brightness versus 
voltage characteristic, and accordingly, simple cross-bar 
matrix addressing methods are not applicable. Matrix 
20 addressing has been made practical by the incorporation 

of a third control grid electrode in the device structure, 
such as may be seen in U.S. Patent No. 4,203,106 to 
Singer and Dalisa. In such structures it is possible 
to access M x N display elements with M + N + 1 
25 electrical leads and their associated drivers. 

In order to more practically control and 
address electrophoretic matrix type displays, and to 
reduce the cost of drive electronics, it is required 
to effectively reduce the number of electrode leads 
30 and/or drivers in the electrophoretic matrix display 
device . 

It is an object of the present invention to 
provide an electrophoretic matrix display device of 



PHA 21 . 100 



2 



0087193 

27.1 .83 



a construction which enables a significant reduction in 
the number of leads and/or drivers in large matrix 
device s . 

It is another object of the present invention 
to provide an electrophore tic display construction which 
has the possibility of selective erasure and rewriting. 

According to the present invention an electro- 
phoretic display device comprising first and second 
oppositely disposed substrates with at least one of 
said substrates being transparent, an electrophoretic 
fluid containing a plurality of charged pigment particles 
disposed between said first and second substrates, first 
electrode means comprising a plurality of first 
electrodes disposed at a facing surface of said first 
substrate, second electrode means comprising a plurality 
of second electrodes disposed on a dielectric structure 
adjacent to said first electrode means, and third 
electrode means disposed on a facing surface of said 
second substrate is characterized in that said third 
electrode means comprises a plurality of third electrodes. 

By means of a plurality of thixd electrodes 
the structure of the present invention enables electro- 
phoretic writing to be accomplished in only that portion 
of the structure opposite an enabled third, or anode, 
electrode. When means are provided for applying an 
enabling voltage bias value on at least one of the third 
electrodes while maintaining a non-enabling voltage bias 
value on the remaining ones of the third electrodes, 
the structure in effect represents a three input AND- gate 
analog since a response is obtained only when all three 
electrodes are addressed. By this arrangement, the 
magnitude of the' une nab led (third electrode) anode bias 
is made such as to prevent transport of pigment from 
the control grid structure (first and second electrodes) 
to the anode even though the voltages on the first and 
second electrodes would normally allow it*. On the other 
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hand, the anode (third electrode) bias voltage is such 

as to prevent the return of pigment already on the anode 

to the control grid structure. This prevents unwanted 

erasure once writing has been accomplished. Consequently, 

regardless of the addressing voltages applied to the 

first and second electrodes opposite third electrodes 

which are not enabled, writing will not occur. However, 

when a third electrode is enabled, writing will occur 
10 

normally . 

Consequently an electrophoretic display device 
in accordance with the present invention enables a 
reduction of at least the number of drivers. The plurality 

l 5 of first electrodes may be divided into groups of 

electrodes having the same number of electrodes per group. 
With each of the third electrodes being opposite to a 
group of first electrodes, each electrode of a "group may 
be connected to one electrode of each other group. The 

20 electrodes so interconnected may be coupled to a respec- 
tive input terminal. The interconnection of electrodes 
may be outside or inside the display device. An inter- 
connection inside the display device has the advantage 
that in that case also the number of leads is significant- 

25 ly reduced. 

It is also possible to divide the second 
electrodes into groups, each having the same number of 
electrodes per group. In that case each of the third 
electrodes is opposite to a respective group of second 

30 electrodes. According to a further embodiment both the 
first and second electrodes may be divided into groups 
with each of the third electrodes being opposite to a 
respective group of first electrodes and a respective 
group of second electrodes. Such a construction may 

35 result in a further reduction of the number of drivers 
and/or leads. 

These various aspects of the present invention 
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may be further understood by reference to the accompanying 
drawing figures which provide various examples without 
limitation, and wherein, 

Figure 1 illustrates the structure of the 
present invention,. 

Figure 1a -illustrates a portion of the structure 
of Figure 1 , and 

Figure 2 illustrates the driving circuitry 
utilized in connection with the present invention. 

An embodiment of the electrophore tic display 
device of the present invention may be seen, for example, 
by reference to Figure 1. The electrophoretic display 
device involves two separated substrates 1 and 4, at 
least one of which is transparent by way of being a 
material such as glass or plastic. The control grid 
structure 2 involves a dielectric structure 3 having 
multiple holes throughout its surface in a regular 
configuration. A detail of the control grid structure 2 
with second electrodes as row electrodes 6 can be seen 
in Figure la. The row electrodes 6 are formed at one 
side of the dielectric layer 3, and at an opposite side 
of the dielectric layer 3, are first electrodes as column 
electrodes 5 transverse to the row electrodes 6. 

Separated from the row electrodes 6 in the 
structure are the third electrodes as anode electrodes 7 
which are shown, for example, in the drawing figure as 
extending transversely in parallel strips. An insulating 
structure (not shown) typically maintains the separated 
30 substrates and internal structure of electrodes and 
electrophoretic solution in a single structure. 

In the structure illustrated ,in Figure 1, the 
anode electrodes 7 consist of three individual electrode 
strips which are exactly opposite three groups of four 
row electrodes in the control structure. If the first, 
fifth, .and ninth row electrodes are connected in parallel, 
as are the second, sixth, and tenth row electrodes, the 
third, seventh, and eleventh row electrodes, and the 
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fourth, eighth, and twelfth row electrodes, there will 

only be four external row leads. Consequently, the number 

of anode leads have increased from one to. three, but the 

number of row leads has decreased from twelve to four 

with a net saving of six leads. The interconnection of 

electrodes 6 is preferably inside the display device. 

In operation, one of the anodes 7 would be 

enabled while the other two anodes would be held at the 

prevent level. The address pulse would appear on the row 

lead connected to the first, fifth and ninth row 

electrodes for a time t and the column information would 

r 

appear on all column electrodes simultaneously during 
the time t^. Writing would occur in the first row 
electrode, and because the other two anode electrodes 

5 

are not enabled, writing cannot occur in the fifth and 
ninth row electrodes. The address pulse would appear 
sequentially on the row lead connected to the second, 
sixth, and tenth row electrodes, and thereafter on the 
2p third, seventh and eleventh row electrodes, and subse- 
quently the fourth, eighth and twelfth row electrodes 
for a time t^ with new column information being presented 
for each row. 

Consequently, after 4t^, writing would have 
25 occurred in the first four row electrodes. Then another 
anode 7 would" be enabled while the remaining anodes 7 
would be at the prevent level. In this arrangement, four 
address pulses of duration t r each would be applied 
sequentially to the four external row leads. Therefore, 
30 after 8t^ a total of eight rows will have been written. 
The process is then repeated with the final anode 
electrode 7 being enabled so that writing is completed 
in 1 2t r > vhidi is the same time required for the standard 
device . 

35 In operation, the anode voltage could be 

provided at enabling voltage levels (50 Volts) or 
preventing voltage ievels (10 Volts). These levels would 
enable writing to occur so as to provide written images, 
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such as 8 and 8 1 seen in Figure 1 which represent enabling 
of the lover anode 7. With respect to the display device 
several modifications are possible. The words "row" and 
"column" are only used to distinguish between two 
coordinate lines. Consequently the word "row" may include 
other directions than "horizontal" and the word "column" 
may include other directions than "vertical". The 
coordinate lines may extend at any desired angle, for 
example 90°, to each other* Thus either of the two groups 
of coordinate lines of the electrodes can be termed "row" 
electrodes with the electrodes of the other group being 
termed "column" electrodes. Furthermore the electrodes 5 
in Figure 1 may be row electrodes parallel to electrodes 7 
and the electrodes 6 may be column electrodes perpendi- 
cular to electrodes 5 and 7. 

According to a further embodiment said third 
electrodes 7 may be arranged according to a matrix of 
electrodes 7 ! (denoted by dotted lines 30) with each 
electrode 7* encompassing an area corresponding to the 
overlapping area of both a respective group of electrodes 
5 and a respective group of electrodes 6. In that case 
certain criteria need be followed in order to obtain a 
matrix addressed control grid electrophoretic device 
with a practical minimum number of leads. In the instance 
where the reduction is the result of reducing both the 
number of row leads and the number of column leads, the 
following criteria may be observed* Namely, if X equals 
the number of external column leads , T equals the number 
of external row leads, C equals the number of column 
electrodes, and R equals the number of row electrodes, 
then m can be taken to be equalto C/X which is equal 
to the number of vertical divisions of the anode. Further 
n can be taken to be equal to R/Y which is equal to the 
number of horizontal divisions of the anode. 

To make a practical drive circuit, X should be 
a multiple of the number of column electrodes in the 
character plus the space between characters, and Y should 
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be a multiple of the number of row electrodes in the 
character plus the space between lines. 

In a RxC matrix, the number of anode leads 
is (m).(n) and the total number of leads is 
(m).(n) + X + Y* It is this total that is minimized. 
A trial and error procedure is utilized to minimize the 
total number of leads. 

This procedure is to write the factors of R 
which are multiples of Y in a list of ascending order of n 
and make a similar list for the factors of C which are 
multiples of X in an ascending order of m. Values of m 
and n which are near the middle of a list are then 
chosen so that the total number of leads (m).(n) + X + Y 
are calculated. Finally, other nearby values for m and 
n are chosen until the combination which gives the 
lowest total is found. 

In an example 2k lines of text with 6.0 character 
per line in a 7 by 9 format with 2 rows between lines of 
characters and 2 columns between characters are provided. 
This results in a 5^0 by 264 matrix which would require 
805 leads and. drivers for the standard device. Table 1 
gives (m).(n) + X + Y for all values of m and n. The 
minimum occurs for m equal 10 (X equal 5*0 and n equal 6 
(Y equals kk) and is158. This is a reduction in the 
number of leads, and drivers of greater than 80#. 

Table 1: (m).(n) + X + Y equal total leads. 
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The drive electronics for the present invention 
may he considered in F igure 2. As an example, a display 
having 40 lines of 32 characters each is provided in 
Figure 2. Prior to writing, the display must be 
conditioned by the erase signal 10 in conjunction with 
the sequencing circuit 11 and the rov driver 12, column 
driver 13, and anode driver 14 feeding the electrophore tic 
display device 27- The sequence is erase, set and hold, 
which leaves the row electrodes at the hold voltage and 
the anode at the prevent voltage level • 

Character information 1 5 is continuously fed 
into the memory 16 along with an additional signal 17 
for tone change information when required* 

When the required number of characters to fill 
the first line of text has been received and counted by 
the character counter 18, writing of the first line may 
commence. Of course, character information may be still 
fed into the memory 16. A first anode n 1 is placed at 
the enable voltage level provided by the line enable 
circuit 26 through anode drive 14. The code for the first 
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character appears at the input to the character generator 
19 and the row counter 20 tells the character generator 
19 to present the column information for row Y 1 at its 
outputs. The parallel column information is fed into a 
parallel-input/serial-output shift register 21 to convert 
the parallel information into serial information. This 
serial information passes through .a tone change circuit 
which is a controllable complimenter 22 to the input of 
a serial-input /parallel-output shift register 23 whose 
parallel output feeds the column drivers 13. When the 
clock signal from clock 2k has shifted enough bits for 
one character width,- a signal is sent to the memory 16 
telling it to present the code for tlie second character 
to the input of the character generator 19. This process 
continues until all of the column information for row 
Y^ has entered the column drivers 13 by way of the shift 
register 23. 

At this point the driver for row Y 1 is enabled 
20 vith a volta g e y R * and the entire line of row Yj is 

written. After the time t required to write the row has 
passed, row Y^ becomes non-selected. The process is 
now repeated for rows Y 2 through Y g until the entire 
line-of-text for line 1 is written. The process is then 
repeated for rows Y^ through until line 2 is written. 

After .line 2 is written, anode n is placed at the 
prevent voltage level, and anode n 2 is enabled by the 
line enable circuit 26 so that the third and fourth, 
lines of text can be written. This process continues until 
the entire display is written. Using this technique, 
each line of text is written as a simple matrix addressed 
cell, and while the process may appear long, everything 
except the actual transport of the pigment is done at 
electronic speeds. This drive scheme is similar to that 
required for the standard device, except that an additional 
voltage level (prevent) is provided to the anode. 

The drive circuit for the case where the anode 
electrodes are divided vertically as well as horizontally, 
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would be similar to the circuit described above with some 
modifications. In this case, writing can now begin before 
the entire line of characters has been entered. After 
enough characters have entered the memory 16 to fill one 
line of one anode segment width, writing may commence 
for that section. After that segment is written, writing 
moves to the next anode segment, etc. The change required 
in the drive circuit is that the character counter 18 
must now enable consecutive anode segments of a line of 
text as the data enters, instead of waiting for the 
entire line to fill. Thus, with this system, writing 
begins sooner. Since the appropriate columns are connected 
in parallel, the SIPO shift register 23 and the number 
of column drivers 13 are greatly reduced. 

"While various embodiments of the present 
invention have been described, it is not intended to 
limit the present invention to the specif ically.. described 
embodiments, and all modifications suggested from the 
description of the invention are intended to be included. 
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1* An electrophoretic display device comprising 

first and second oppositely disposed substrates with 
at least one of said substrates being transparent, an 
electrophoretic fluid containing a plurality of charged 
pigment particles disposed between said first and second 
substrates, first electrode means comprising a plurality 
of first electrodes disposed at a facing surface of 
said first substrate, second electrode means comprising 

in a plurality of second electrodes disposed on a dielectric 
structure adjacent to said first electrode means, and 
third electrode means disposed on a facing surface of 
said second substrate, characterized in that said 
third electrode means comprise a plurality of third. 

15 electrodes. 

2 « An electrophoretic display device as claimed 

in Claim 1 , characterized in that said plurality of 
first electrodes is divided into groups of electrodes 
having the same number of electrodes per group, each 

20 electrode of a group being connected to one electrode 
of each other group and each of said third electrodes 
being in operative arrangement with a respective group. 
3» An electrophoretic display device as claimed 

in Claim 1 , characterized in that said plurality of 

25 second electrodes is divided into groups of electrodes 
having the same number of electrodes per group, each 
electrode of a group being connected to one electrode 
of each other group and each of said third electrodes 
being in operative arrangement with a respective group, 

30 An electrophoretic display device as claimed 

in Claim 1 , characterized in that said plurality of 
first electrodes is divided into first groups of 
electrodes eadi. having a first number of electrodes per 
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group, each electrode of a first group being connected 
to one electrode of each other first group, said plurality 
of second electrodes is divided into second groups of 
electrodes each having a second number of electrodes 
per group, each electrode of a second group being 
connected to one electrode of each other second group, 
and each of said third electrodes being in operative 
arrangement with a respective first group and a respective 
second group. 

5 . A n electrophoretic display device according 

to one of Claims 1, 2, 3 or h, characterized in that said 
first electrodes are column electrodes and said second 
electrodes are row electrodes. 

6. An electrophoretic display device according 
to one of Claims 1, 2, 3 or h, characterized in that 
said first electrodes are row electrodes and said second 
electrodes are column electrodes. 

7> An electrophoretic display device as claimed 

in Claim 5, characterized in that said third electrodes 
are row electrodes, each emcompassing an area correspond- 
ing .to a respective group of at least said second row 
electrodes . 

8> An electrophoretic display device as claimed 

in Claim 6, characterized in that said third electrodes 
are row electrodes, each emcompassing an area corresponding 
to a respective group of at least said first row 
ele ctrodes . 

9 . ^ electrophoretic display device as claimed 

in Claim h, characterized in that said first electrodes 
are column electrodes, said second electrodes are row 
electrodes and said third electrodes are arranged 
according to a matrix of electrodes, each third electrode 
, 5 emcompassing an area corresponding to the overlapping 
area of a respective group of said first electrodes and 
a respective group of said second electrodes. 
10. An electrophoretic display device as claimed 
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in Claim h f characterized in that said first electrodes 
are row electrodes, said second electrodes are column 
electrodes and said third electrodes are arranged 
according to a matrix of electrodes, each third 
electrode emcompassing an area corresponding to the 
overlapping area of a respective group of said first 
electrodes and a respective group of said second electrodes, 
11» An electrophore tic display apparatus comprising, 

in combination, an electrophore tic display device as 
claimed in anyone of Claims 1 to 10, characterized in 
that the apparatus comprises means for alternatively 
applying an enabling voltage bias value on one of said 
third electrodes and means for maintaining a lover voltage 
bias value on remaining ones of said third electrodes. 
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